Migraine is an episodic disorder which is often disabling both during and between attacks. While pain intensity is the most important symptom to individual sufferers, headache-related disability is the major determinant of the economic impact of illness. Because migraine is underdiagnosed and under-treated, cost-effective healthcare interventions could serve to reduce the burden of illness on individual sufferers and society. Measures which assess both pain intensity and disability might serve to capture the essential elements of migraine and provide the basis for effective healthcare interventions.
Introduction
Migraine not only causes suffering for individuals; it also has an impact on society. This impact on society can be expressed in economic terms. The economic costs of migraine arise from both direct costs (medical care etc.) and indirect costs such as missed work and disability at work. To characterize the impact of migraine on society, it is necessary to understand first the impact of migraine on the individual. Measures of disability provide a link between the impact of migraine on the individual and the impact on society. Ultimately, an accounting of the economic impact of migraine can be used to assess the value of effective diagnosis and treatment. Estimated from data taken from the American Migraine Study [1, 22] .
Impact of Migraine on the Individual
Migraine is a chronic condition with episodic attacks. The acute attack, the most obvious aspect of the illness, is characterized by pain, nausea, vomiting, sensitivity to light, sound and odours and, in some cases, visual disturbances known as auras [1] [2] [3] [4] [5] [6] . No single feature is absolutely required for diagnosis. Chronic aspects of migraine are characterized by how the condition changes an individual's behaviour and induces disability between attacks. Table 1 profiles the proportion of people who meet the International Headache Society (IHS) [7] case definition Table 2 . Results of selected studies of n intensity from migraine [3] [4] [5] 8] In these studies pain intensity was assessed by a variety of methods: interval scales [3] ; anchored scale [5, 8] ; mixed scale [4] .
for migraine who experience particular symptoms. Throbbing pain is the most common symptom, occurring in 83% of females and 84% of males. The least common symptom is vomiting, occurring in about one quarter of migraine sufferers.
Though attacks vary from person to person, the majority of migraine sufferers report that pain is the most important symptom and that pain relief is their most important motivation for seeking care. Across several studies (table 2) [3] [4] [5] 8] , 57-85% of migraine sufferers report that they experience severe or very severe pain. The assessment of pain intensity has received much attention, but there are inherent difficulties in devising scales of measurement. Interval, anchored and mixed scales have been used [3] [4] [5] 8] . In interval scales, a range of scores is used in which each unit is qualitatively characterized by an increasing degree of severity, but no attempt is made to give points of reference for each score. Anchored scales, on the other hand, define the lowest and highest scale values. The mixed scales score pain intensity in terms of a graded measure of interference with activities. This has the advantage of providing scalepoints that are intuitively meaningful, but has the disadvantage that in some individuals disability is not the result of pain but of other migraine symptoms.
Several population-based studies have used either simple ordinal [3] [4] [5] 8] , interval or anchored pain scales. These studies show that 57-85% of migraineurs reported severe or very severe pain with their attacks. Since the IHS case definition uses moderate or severe pain intensity as one possible diagnostic criterion it is not surprising that pain intensity levels are high [9] . While migraine is often characterized as an episodic condition, features of the illness often extend beyond the acute attack. At the biological level, there is an enduring predisposition to attacks which may take the form of a reduced threshold to the development of headaches [10] . At the psychosocial level, there may be changes in behaviour, long-term adoption of the sick-role with disruption at work, school or in social roles [11] [12] [13] . The higher prevalence of migraine in low income groups in the USA may be a consequence of this long-term disruption [1, 14, 15] . Thus, migraineurs report substantial disruption of their lives. In a Canadian population-based study [6] , 77% of migraineurs reported a limited ability to function normally during their last attack, 50% had to discontinue normal activity, 30% required bed-rest and about 30% had to cancel family or social activities. Though 30% of migraineurs required bed-rest with their attack, only 19% reported missing work. This may indicate that people with migraine work through severe headaches at a reduced level of productivity, and then go home and go to bed. The impact of migraine on quality of life has been assessed using the Study Short Form 36 (SF-36) from the Medical Outcomes Study (MOS). This questionnaire was administered to 845 referral clinic patients with IHS-diag-nosed migraine [16] . The SF-36 questionnaire is a well validated questionnaire for assessing quality of life. It is designed to gather information on a range of factors that affect quality of life, including functional status, well-being, and perception of overall health status. With the exception of scores for physical functioning and health perceptions, quality of life scores for migraineurs ( fig. 1 ) were low in comparison with those for patients with other chronic conditions (diabetes, hypertension, angina) [17] . Similar results have been found in a more recent study comparing the quality of life impact of migraine with that of osteoarthritis or congestive heart failure [18] . A limitation of both of these studies [17, 18] is that the patients were recruited from referral clinics. Such patients represent those with more severe migraine and may not be representative of the general migraineur population. SF-36 quality of life profiles for migraine patients in comparison with those for patients with other chronic conditions. Adapted with permission from Osterhaus and Townsend [16] and Stewart etal. [17] . A number of studies have examined the direct or indirect costs of migraine [19] [20] [21] . Several studies quantified the use of healthcare resources such as emergency-room visits, clinic visits, hospitalization or drugs, but monetary values were often not estimated. Table 3 summarizes the available data on costs of healthcare for migraine. About 13% of migraineurs use emergency rooms [21] , 56-71% use general medical services and 16-41% consult specialists. Only Osterhaus et al. [20] attempted to quantify the economic value of these services. Most studies of indirect cost emphasize the proportion of migraine sufferers who miss at least 1 day of work per year. Estimates range from 19-43% [6, 11, 13] . Several studies estimate the number of work days lost per year, per migraineur or to the employed population. Few studies attempt to compute the economic value of missed work or of impairment at work. A summary of recent data on indirect costs, modelled after the work of de Lissovoy and Lazarus [19] , is shown in Table 4 . In the American Migraine Study, the number of work days missed (defined as both paid and household work) per year as a result of severe migraine attacks was assessed. Reprinted with permission from de Lissovoy and Lazarus [19] .
14 Stewart/Lipton Socio-Economic Impact of Migraine About one quarter of male and female migraineurs missed 1 or 2 days' work because of severe headache, and 31 % of women reported 6 or more days lost. Therefore severe migraine headache is a frequent cause of missed work, especially among women. However, absence from work is an incomplete measure of lost work time. Many migraineurs work with severe headaches. To capture the true indirect costs of illness we must assess the degree of impairment and number of disability days at work. One approach is to devise an index of lost work day equivalents.
To develop this index we multiply disability days at work by the percentage of impairment For example, if someone worked 6 days with a 50% impairment that would be 3 lost work day equivalents. We are currently applying this method to data from the American Migraine Study [1] . The methodological challenges in studying cost of illness due to headache have been reviewed elsewhere [19] .
Estimates of the cost of missed labour in the US have ranged from $ 1.4 to $ 17 billion per year [14, 20] . The $ 1.4 billion figure is almost certainly an underestimate [14, 19] . This study included only people who know they have migraine and many people with migraine are not aware of their diagnosis [22] . In addition, only employed individuals were included so that the cost of missed housework and school work were not captured.
Pain and Disability
Given that pain intensity is the most important aspect of illness for the individual sufferer and that disability is the most important determinant of economic impact, we decided to explore the relationship between pain intensity and disability. We used data from a population-based telephone interview survey of over 10,000 subjects in [20] questionnaire IHS1 Reported a clinic visit for migraine in the last year Used emergency care for migraine in the last year Reported a hospitalization for migraine in last year Total annual direct medical costs (000s) for 648 patients Average number of missed work days/year per migraineur Average cost/month due to reduced productivity Range cost/month National annual lost-work cost (1986 No. of migraine symptoms Fig. 2 . Relationship between disability and (a) pain intensity and (b) number of migraine symptoms. Data are from patients questioned about a headache that had occurred in the previous 7 days, and are for female migraineurs only; findings for male migraineurs were similar. Disability is defined as missing all or part of a work or school day. Reprinted with permission from Stewart et al. [8] .
Washington County, Maryland [5, 8] . The relationship between disability and pain intensity was examined for the most recent headache attack for each subject if it occurred within 5 days of interview. Disability was rated as none, partial or complete loss of a work or a school day. Pain intensity was rated on a 0-10 scale where 0 was no pain at all and 10 was very severe pain. We present data only on females although findings were similar for males [5] . These data are presented in graphic form based on a model developed using regression methods. The results show that as pain intensity increases the proportion of migraine sufferers with disability also increases. For subjects with pain intensity of 10, over 60% are disabled for all or part of the day ( fig. 2a) . A similar pattern is observed with number of symptoms ( fig. 2b) [8] . Using different methods, Von Korff and co-workers have examined the relationship between pain intensity and disability [23, 24] . Their work demonstrates a hierarchical relationship between pain intensity and disability, suggesting that a certain level of pain is required for disability. Using a self-administered questionnaire Von Korff et al. [23] classified headache sufferers presenting to a Health Maintenance Organization (HMO) into four grades. At lower severity grades (grades I and II) patients were differentiated by pain intensity. Grade I patients have mild or moderate pain; grade II patients have more severe pain; while at the higher grades (grades III and IV) patients are differentiated by the extent of interference with their daily activities. Von Korff et al. [23] have shown that headache grade is strongly associated with both direct and indirect costs of illness. They evaluated and followed 740 patients presenting to an HMO and complaining of headache. They showed that as headache grade increased the total cost of headache treatment also increased, as determined from the HMO healthcare records. Costs of headache treatment for 1 year were approximately $200 for grade I patients and about $800 for grade IV patients. Headache grade also predicted aspects of the indirect costs of migraine. At the baseline assessment, roughly 5% of grade I and II patients were unemployed, approximating regional population rates. For grade III patients, baseline unemployment was 10% and for grade IV patients it reached 20%. In addition, patients at grades III and IV maintained high levels of unemployment during a 2-year followup period. Thus, a simple test at cross-section can predict important aspects of direct and indirect costs at follow-up assessment. This measure of severity of an illness, which combines information on disability and pain intensity, promises to provide a clinically relevant measure of 'migraine severity' or migraine impact which will predict impaired ability to work and to function in other roles, prognosis and general well-being. Such a measure should aid the identification of those migraineurs in need of care and assess the benefits of treatment.
Implications
Though migraine has an important impact on individual sufferers and on society it is substantially underdiagnosed and undertreated [6, 8, 11, 13, 22] . Stang et al. [21] have summarized data indicating that most migraineurs do not currently consult doctors for their headaches; those who do consult often receive suboptimal treatment. As many of the migraineurs not receiving care experience substantial levels of pain and disability, and as migraine often responds to medical therapy, it follows that im- 16 Stewart/Lipton Socio-Economic Impact of Migraine provements in healthcare delivery might substantially reduce the individual and economic impact of this illness [25] . For these efforts to be cost-effective, treatment must reduce disability and relieve pain to a degree which offsets the costs of intervention. Though disability has not been a typical endpoint in migraine clinical trials, recent double-blind studies have demonstrated that treatment can reduce disability or restore normal function [26, 27] . Thus, intervention is most likely to be cost effective if it is directed to the migraine sufferers whose illness has the greatest impact [24] . The recent studies of Von Korff et al. [23, 24] show that the headache sufferers reporting severity grades III and IV accounted for a disproportionate share of direct and indirect costs. This work provides a rationale for the development of a Migraine Impact Measure for use in clinical practice [25] . Ideally, such a measure would help identify the migraineurs most in need of care, predict prognosis at the time of an initial assessment and provide a yardstick for monitoring improvement in clinical trials and clinical practice.
